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Introduction
The incidence of transient ischaemic attack (TIA) in the United States is estimated to be in the region of 200,000-500,000 per year. 1 TIA and thrombotic stroke arise from identical aetiologies and a number of studies show that TIAs carry a significant risk of stroke. [2] [3] [4] The burden of stroke lies with its long term disability, therefore prevention of stroke in individuals with TIA could significantly reduce the overall incidence and burden of stroke.
Many patients with TIA do not receive timely assessment or management and the challenge to clinicians is to identify those who require urgent evaluation and treatment. Two clinical prediction rules, the ABCD system and the California rule, [5] [6] were developed to assist clinicians to quantify the short term risk of stroke after TIA. In 2007, these scores were unified and refined to form the ABCD 2 rule. 7 The ABCD 2 system is designed to assist clinicians with the timely and appropriate management of individuals with TIA and also to target secondary prevention and inform public education. 8 The ABCD 2 rule is a 7 point summation of clinical factors independently predictive of stroke risk. These factors include age, clinical features such as motor impairments and speech disturbance, duration of symptoms, history of diabetes and hypertension. A summary of the rule is contained in Figure 1 . The developers originally identified three strata of stroke risk after TIA according to ABCD 2 score; low (0-3 points), moderate (4-5 points) and high (6-7 points). 7 The ABCD 2 rule has been recommended for use in several national guidelines and management strategies based on the different guidelines are contained in Table 1 . [9] [10] [11] [12] A number of studies have validated the ABCD 2 rule in different populations and recent systematic review reported that the overall 7 day predictive value of the ABCD 2 rule was high, resulting in predictive values ranging from 0.63 to 0.80 as the area under the receiver operating characteristic (ROC) curve at 7 days. 8 However, CPRs are designed to be applied in a clinically meaningful way in terms of assisting clinicians with correct diagnosis and management of patients. The aim of this study is to examine the predictive value of the ABCD 2 rule at 7 and 90 days using the original derivation study as a predictive model against which all subsequent validation studies are compared across three strata of risk, low (0-3 points), moderate (4-5 points) and high (6-7 points) . Therefore, the absolute risk of stroke is presented in three risk strata so that the value of the ABCD 2 can be interpreted by clinicians.
Our study aims to provide added clinical value to the findings of the previous review by presenting the results as trichotomised risk scores and not an aggregate measurement as with the ROC curve. We also examine internal and external sources of bias in the studies, including publication bias.
INCLUDE TABLE 1 AND FIGURE 1 HERE

Methods
Search strategy
The PRISMA guidelines for the reporting of systematic reviews and meta-analyses were followed to conduct this review. 13 We aimed to identify all studies of that validated the 
Study selection and data extraction
Studies were included if they met the following inclusion criteria; 1) Study design:
prospective or retrospective cohort studies; 2) Patient population: adult patients (>18 years of age) with a diagnosis of TIA -TIA is defined as a sudden focal neurologic deficit lasting for less than 24 hours, of presumed vascular origin, and confined to an area of the brain or eye perfused by a specific artery; disturbance of cerebral function lasting more than 24 hours or leading to death with no apparent cause other than that of vascular origin'. 15 Studies that included patients with minor stroke, where symptoms lasted more than 24 hours, were excluded from the analysis. Studies that included the same data set for more than one publication were included once in the meta-analysis. Two reviewers (RG and CG) read the titles and/or abstracts of the identified references and eliminated irrelevant studies. Studies that were considered eligible for inclusion were read fully in duplicate and their suitability for inclusion to the study was independently determined by both CG and RG. Disagreements were managed by consensus.
Additional data was sought from authors where necessary. Data was extracted on study design and setting, patient characteristics, method of data extraction and outcome at the follow-up time points.
Validity Assessment
Quality assessment was independently performed by two researchers (RG and CG)
following the modified methodological standards of McGinn for validation studies of
CPRs. 16 The McGinn criteria examine the internal and external validity of studies in terms blinded assessment of predictor variables and outcome (stroke/no stroke), numbers followed up in the study (minimum ≥80%), methods of patient selection and spectrum of patients included with TIA.
Statistical Methods
The initial derivation study of the ABCD 2 rule is used as a predictive model against which subsequent validation studies are compared. The results are presented in a clinically meaningful way across three different strata of risk. The number of strokes predicted across the three strata of risk -low risk (score 0-3), moderate risk (score 4-5) and high risk (score 6-7) is compared with the observed number of strokes in each of the subsequent validation studies. Therefore the predicted number of patients with stroke at 7 and 90 days (based on the probability calculated in the derivation study) is compared with the observed number of patients with stroke from each validation study. A sample of this calculation is contained in over-prediction. A random effects analysis was applied and heterogeneity across the studies was quantified using the I 2 statistic. If the I 2 statistic was >50%, it was deemed that there was significant heterogeneity between the studies.
Results
Study identification
A flow diagram of the search strategy is presented in Figure 2 . Two researchers screened all potential articles. The search strategy yielded 2481 papers of which 2425 publications were excluded based on their title or abstract. Sixteen of the remaining 56 studies met the inclusion criteria and were selected for analysis.
7, 17-28 Eight studies were conducted in an Emergency Department, 7, 17, 20, 23-27 three were TIA-clinic based, 7, 28 two were population based, 7, 22 and three were based in specialty stroke centres. 18, 19, 21 The included studies range in size from 87, 20 to 1411 patients. 25 A total of 8482 participants are included in the analysis.
Study description
INSERT FIGURE 2 AND TABLE 3 HERE
Study quality
The methodological quality of the studies is detailed in The chi-squared analysis indicates that as the trichotomised ABCD 2 score increases, the probability of stroke increases (p<0.01). The sensitivity and specificity of the dichotomised cut points used to discriminate individuals at low and high risk of stroke at 7 days, which have been utilised in different national clinical guidelines, are contained in Table 5 . Our pooled data indicates that 9.5% of the total strokes at 7 days occur in the low risk group, 51% are observed in the moderate risk group and 39.5% of the total strokes occur in the high risk group.
INSERT TABLE 5 HERE
Eleven studies (n=6304) report 90 day risk of stroke. 7, [19] [20] [21] [25] [26] [27] [28] The ABCD 2 rule tends to over predict the occurrence of stroke across all three risk strata: low risk (n=2205), moderate risk (n=2869) and high risk (n=1230). The results are presented in Figure 4 . There are 426 strokes observed at 90 days in contrast to a predicted 626 strokes. The chi-squared analysis shows that as the trichotomised ABCD 2 score increases, the risk of stroke increases (p<0.01).The sensitivity and specificity of the cut points used to discriminate individuals at low and high risk of stroke at 90 days are contained in Table 5 . At 90 days, 13.6% of all strokes observed occur in the low risk group, 50% occur in the moderate risk group and 36.4% occur in the high risk group.
INSERT FIGURES 3 AND 4 HERE
Statement of principal findings
This systematic review shows that the ABCD 2 clinical prediction rule correctly predicts the occurrence of stroke at 7 days in individuals with TIA across all three strata of risk.
However, a subgroup analysis of the population based studies indicates that the rule significantly under predicts the risk of stroke in those classified as high risk. At 90 days, the ABCD 2 rule tends to over-predict occurrence of stroke in the three risk categories. These results also show that the likelihood of having a stroke increases as the ABCD 2 trichotomised score increases.
Current context and future research directions
A recent systematic review examines the discriminative ability of the ABCD system using summary ROC curves. 8 Our method of calibration examines the predictive ability of the rule by using the ratio of predicted stroke (from the original derivation study) to observed stroke in the subsequent validation studies. The absolute risk of stroke is presented in risk strata so that the value of the ABCD 2 across these strata can be interpreted in a clinically meaningful way. The method of analysis used to pool the individual ABCD 2 validation studies is based on a comparative approach that extends and employs the absolute risk from the derivation study as a model to generate predicted values in subsequent validation studies. This statistical method is supported by an analysis that compares our method to a validated and published method for comparing predicted to observed values. 29 No statistically significant difference (p>0.05) was found between the predicted events by the two methods (unpublished study). 
Clinical and policy implications
Current international guidelines recommend that individuals with low ABCD 2 scores should be triaged for specialist assessment within one week of onset of symptoms. Approximately one third of individuals in our pooled data are in the low risk category and a significant minority of strokes (9.5%) occur in this patient group within 7 days. Therefore it is important that these 'low risk' individuals receive timely treatment to minimise the risk of subsequent stroke. In the hospital setting, imaging evidence of carotid stenosis or DWI abnormality may also serve to assist in the identification of patients at high early risk of stroke after TIA. 32 In terms of implementing the rule in general practice, clinicians need to exert caution when applying the rule as it has only been validated in two population based cohorts. However, the rule does serve to quantify the contribution of the patient's history and physical examination to stratify them according to their risk of developing a subsequent stroke.
National guidelines relating to the management of individuals classified as 'high risk' include early neurology consultation to confirm the diagnosis of TIA, rapid diagnostic assessment, *using original derivation study as a predictive model, ** actual number of strokes reported in each strata of risk
Note:
The existing derivation/prognostic model (that is, both the selected variables and their coefficients) is used to predict outcomes for the patients in the validation dataset. The patients' actual outcome (stroke/no stroke) is then compared this prediction. This analysis uses each individual's event probability calculated from their risk score from the original model. Funnel plot with pseudo 95% confidence limits
